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Reflectarray Prototype 
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Approach: Coupled Microstrip Phase Shifters 

(CMPS) 
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YBCO/STO/LAO at 77 K 


•BSTO films deposited by Pulsed Laser Deposition 
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HTS/SrTi0 3 /LaA10 3 Cryogenic CMPS 

Phase shift per dB of loss, K = 80°/dB using 400 V dc 
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Phase shift and insertion loss of an eight element CMPS using YBCO (.35 \im) 
/SrTi0 3 (1.0 nm)/LaAI0 3 (254 nm). Data were taken at T = 40 K and 16 GHz. 





25 Ohm Coupled Mkxostrip Phase Shifter T - 77 K, f - 13.73 



•If ferroelectric phase shift/loss is constant, then thicker films will yield better 
performance: lower overall loss since conductor loss is constant & more compact 



Room Temperature Ba x Sr 1 . x Ti0 3 CMPS on LaAlO 

•Using same CMPS design with An/ Ba x Sr 1 . x Ti0 3 / LaA103 
we have measured 299° and 43°/dB at 400 V dc bias 
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•Phase Shift and Insertion Loss Data for 9 Au/ Ba x Sr 1 . x Ti0 3 / LaA10 3 CMPS 
Tuning over 300 V dc range (except for Sample 2 where tuning decreased K) 
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Four element CMPS design on MgO which has 
achieved higher phase shift per loss at the cost of 
larger areas. The total length is 1 cm. 





MgO design has wider lines and less conductor loss but at the cost of larger 
dimensions 
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In-depth look at the Four 1% Mn-doped 500 nm thick BSTO 

films 

on MeO substrates 
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[1] S. Gevorgian et al., IEE Proc.- Microw. Antennas Propag., 143 , 397 (1996). 
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Temperature (K) Temperature (K) 

The dielectric constant as a function of temperature for all four samples as derived 
from the capacitance of an interdigital electrode at 1 MHz. 
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The loss tangent as a function of temperature for all four samples, measured using 
an interdigital electrode at 1 MHz. 







Observations about 1 MHz data: 
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[2] H.-D. Wu and F. Bames, Integrated Ferroelectrics , 22, 811 (1998). 
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The phase shift and insertion loss through coupled microstrip phase shifters on each of 
the four samples at 298 K. Data is shown at f opt for each sample. 






•Looking at e r (V) and K, shows us that annealing doesn’t have much 
effect at room temperature in these samples 
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•Annealed sample has 34% in phase shift from 300 to 220 K, compare 
to a 168% increase in s r (0) at 1 MHz 





Conclude that either e r (0) is much less at Ku-band than at 1 MHz 
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3. Nonlinearity in phase shift as a function of s r : 

CMPS phase shifter is more efficient at low s r than at high s r 





Losses in Ba x Srj. x Ti0 3 CMPS on MgO 
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Latest Improvements: new designs 
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radical new designs may find new ways of trading off bandwidth and 
voltage to improve performance 




New cheaper substrates: 
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leakage through the Si - possibly due reasonably tunable film with 
to contamination by Ag paint used K = 24°/dB 

to hold sample to heater 
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First try to grow BSTO on CeO 
buffered alumina film with 
K= 16°/dB 
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•New substrates and designs are being tested 




